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Abstract Although aphids are the most species-rich
group of invasive alien insects across the Southern Ocean
Islands, their biology on the islands is poorly known. In this
study, host plant-related, seasonal and altitudinal variation
in the abundance of the three aphid species (Macrosiphum
euphorbiae, Myzus ascalonicus, Rhopalosiphum padi)
found on sub-Antarctic Marion Island is examined. Myzus
ascalonicus is the most abundant of the species, reaching
densities of c. 2,400 individuals per 1,200 cm2 on the indig-
enous Acaena magellanica (Rosaceae) and 479 individuals
per 1,200 cm2 on the indigenous Cotula plumosa (Astera-
ceae), with lower numbers at elevations up to 300 m and a
pronounced seasonal peak in December-February. Macro-
siphum euphorbiae occurs on the same plant species in
densities of between c. 11 individuals per 1,200 cm2 on
C. plumosa and c. 200 individuals per 1,200 cm2 on
A. magellanica, and with a pronounced summer peak in
December. In both species, small numbers of winged forms
are found (c. 1–5%), although they are permanently parthe-
nogenetic on the island. Rhopalosiphum padi is also perma-
nently parthenogenetic on the island and likewise shows a
December peak in abundance. The current data suggest that
low ambient temperatures, which are close to the lower
development threshold of R. padi, and other temperate
aphid species, limit development in winter, thus leading to
a decline in abundance.
Keywords Abundance · Herbivory · Microclimate · 
Phenology · Sap-sucking
Introduction
Approximately 75 families of insects, representing some
180 species, have been introduced to and have established
on the Southern Ocean Islands (Frenot et al. 2005). Of
these families, the most species rich is the Aphididae, or
aphids, represented by at least 15 species, found variously
from the Falkland Islands in the west to the Auckland
Islands in the east (Eastop 1970; Frenot et al. 2005; Hullé
et al. 2003, 2010; Robinson 1984; Shaw et al. 2010). On
particular islands, individual species are prominent mem-
bers of the invertebrate fauna, often occurring abundantly
on a large variety of indigenous and introduced host plant
species (CraVord et al. 1986; Hullé et al. 2003; Jones et al.
2003), and frequently representing the only sap-sucking
species present, especially on the more southerly, sub-Ant-
arctic islands (e.g. CraVord et al. 1986). Moreover, these
species have contributed to a fundamental alteration of the
nature of food webs on the islands on which they occur.
Most notably, on several islands, such as Gough Island,
Amsterdam Island and Marion Island (Hullé et al. 2010;
Jones et al. 2003; Lee et al. 2007), wasp species parasitic
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established, so adding a trophic interaction that has either
been rare or absent in the inland terrestrial systems of the
islands and the Antarctic region generally (Burger 1985;
Chown 1993; Chown and Convey 2007; CraVord et al.
1986; Hogg et al. 2006). Indeed, on Gough Island, hyper-
parasitism is present (Phaenoglyphis villosa (Hartwig) on
Aphidius colemani (Viereck) on Aulacorthum cicumXexum
(Buckton) and Rhopalosiphum padi (L.)) (Jones et al.
2003), and a similar situation has been found on Amster-
dam Island (P. villosa and Dendrocerus aphidium
(Rondani) are both hyperparasitoids) (Hullé et al. 2010). Such
complex interactions are unknown from most of the region.
Despite their obvious and acknowledged (e.g. Hullé
et al. 2003) importance as alien, and often invasive species
on the islands, little is known about the abundance, distri-
bution and phenology of aphid species in the region. The
most comprehensive studies have been of the species on
the Crozet and Kerguelen islands and on Gough Island. In
the former case, host plant and distributional information
are available for the Wve species that have established popu-
lations outside glass houses, including data on altitudinal
variation in the relative abundance (percentage Acaena
magellanica stems colonized) of Myzus ascalonicus, which
is rare above 180 m a.s.l. (Hullé et al. 2003). For Gough
Island, general information is available on the habitat pref-
erence, approximate altitudinal range and host plants of the
seven species which have established there (Jones et al.
2003). By contrast, information is sparse for aphids on the
other islands, typically being limited to documentation of
their presence and the host plants used (e.g. CraVord et al.
1986; Eastop 1970; Robinson 1984; Vogel 1985). Such
limited information is of particular concern because it has
been forecast that introduced invertebrate species are likely
to increase in abundance and distributional range on the
islands in response to warming, so altering ecosystem func-
tioning (Bergstrom and Chown 1999; Chown et al. 2007;
Frenot et al. 2005; Hänel and Chown 1998; Hullé et al.
2003; Kennedy 1995), and because many of these aphid
species are well-known vectors of plant diseases elsewhere
(Blackman and Eastop 2000). In other temperate and cold
climate areas, aphids are known to be limited by heat avail-
ability (for development) and are expected to be, or have
been shown to be responsive, in terms of increases in devel-
opment rate and abundance, and physiological characteris-
tics, to both short- and long-term variation in temperature
(Bale et al. 2002; Leather et al. 1993; Powell and Bale
2008; Strathdee et al. 1993). In consequence, investigation
into the current spatial and temporal variation in abundance
of the aphid species on the Southern Ocean islands will not
only provide baseline information against which to assess
the climate change-related forecasts of ecological change,
but will also inform understanding of the changing dynamics
of these signiWcant invasive alien species in the broader
context of changing food webs, such as are associated with
parasitoid introductions (Lee et al. 2007), and disease, an
under-investigated topic for the region (e.g. Kerry and
Riddle 2009; Skotnicki et al. 2003). Here, we therefore pro-
vide baseline information on the seasonal, altitudinal and
host plant-related variation in abundance of the three aphid
species found on sub-Antarctic Marion Island.
Materials and methods
Three species of aphids are currently found on Marion
Island (for an introduction to the Prince Edward Islands, of
which Marion Island is the larger, see Chown and
Froneman 2008): Macrosiphum euphorbiae (Thomas,
1878), Myzus ascalonicus (Doncaster, 1946), and Rhopalo-
siphum padi (Linnaeus, 1758) (Chown et al. 2002; CraVord
et al. 1986), although Dreux (1971) reported a fourth—
Neomyzus circumXexus—which has not since been found.
The three aphid species are all widespread in coastal areas
and, by the criteria established by Richardson et al. (2000),
can be considered invasive on the island. Elsewhere in the
world, they are all species of economic importance and are
thought to have been introduced to Marion Island with sup-
plies of either vegetables or fodder for sheep following
establishment of the meteorological station in the late
1940s (CraVord et al. 1986). When exactly each species
became established is not clear.
Macrosiphum euphorbiae, the Potato Aphid, feeds pri-
marily on members of the rose family (Blackman and
Eastop 2000) and is a species with a sexual phase (holocy-
clic), which may also be permanently parthenogenetic
(anholocyclic) (see Blackman 1994 for terminology). On
Marion Island, it is permanently parthenogenetic and both
winged and unwinged forms are found, typically on Acaena
magellanica (Rosaceae), but also on Cotula plumosa
(Asteraceae) (CraVord et al. 1986). Myzus ascalonicus, the
Shallot Aphid, is a permanently parthenogenetic species.
On Marion Island, its major hosts are Acaena magellanica
and Cotula plumosa, although it can also be found on
Pringlea antiscorbutica (CraVord et al. 1986). Rhopalosip-
hum padi, the Bird Cherry-Oat Aphid, can have a sexual
phase, feeding on grasses during the summer, with winged
morphs Xying to the winter host, the Bird Cherry Tree
(Prunus padus) where they produce overwintering eggs
(Strathdee et al. 1995). Because bird cherry trees are absent
from Marion Island, only permanently parthenogenetic
clones are produced. Adults feed mainly on Poa cookii
(Poaceae), but may also be found on Poa annua (CraVord
et al. 1986). Since c. 2001, this species has also formed the
sole host for the inadvertently introduced parasitoid Aphi-
dius matricariae (Lee et al. 2007).123
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coast of Marion Island between August 2004 and April
2005. Three host plant species were selected for sampling
based on the host preferences of the species documented
previously: Acaena magellanica, Cotula plumosa and Poa
cookii. All three species were sampled in August, October,
December, February and April, with sampling being
restricted to altitudes below 50 m for Cotula plumosa and
Poa cookii (speciWcally at sites between Ship’s Cove and
Trypot Beach). Although Poa cookii may be found at much
higher elevations (Gremmen 1981; le Roux and McGeoch
2008a), it is much sparser at high elevations than in the
low-altitude tussock grasslands, and in consequence more
diYcult to sample adequately. To obtain an estimate of alti-
tudinal variation in the abundance and phenology of
M. ascalonicus and M. euphorbiae, Acaena magellanica
was sampled at altitudes below 50 m (along Skua Ridge),
and at c. 100 m (on the drainage lines on Kerguelen Rise),
200 m (in the vicinity of Tafelberg and Hendrik Fister
Kop), and 300 m a.s.l. (along the slopes of Piew Crags) (see
Fig. 1 for sampling areas). Whilst A. magellanica can also
be found at higher elevations (Gremmen 1981; le Roux and
McGeoch 2008a) it is sparse there.
For A. magellanica and C. plumosa, and for each altitude
sampled, ten sites separated by c. 500 m were selected.
Each of these sites represented a patch of the host species
unconnected to any other patch of the same host. In each
site, a 2 £ 2 m quadrat was placed on a homogeneous patch
of the species concerned, and within this quadrat, three 20
cm £ 20 cm squares were selected at random. All material
in each square was carefully removed and placed in zip-loc
bags and returned within several hours to the laboratory.
Care was taken not to collapse the bags during transport. At
the laboratory, the material from each bag was distributed
into several Tullgren funnels (depending on the quantity of
material collected) and extracted for a minimum of 4 days.
Aphids were collected into 50 ml of 70% ethanol. Any
aphids remaining in the bag were added to those collected
by Tullgren extraction. The nature of the Poa cookii tus-
socks meant that the same protocol could not be used.
Rather, within each 2 £ 2 m quadrat, ten tillers were
removed at random, and these were subject to extraction.
Investigation into material following extraction suggested
that the method was eYcient at sampling the aphids and
resulted in less damage to specimens (in Acaena magella-
nica) than manual sorting. All aphids were identiWed using
Millar (1990) and Blackman and Eastop (2000), and
winged and unwinged forms were distinguished. No males
were seen in any of the species.
For the analyses, the data from the three replicates per
site for A. magellanica and C. plumosa were summed for
each aphid species, providing a sample size of 10, equiva-
lent to the sample size for P. cookii. However, although the
abundance data for the aphid species collected on A. magel-
lanica and C. plumosa can be converted to density, this is
not as straightforward for the data for the species collected
on P. cookii. These diVerences should be borne in mind
throughout, and the comparisons of the abundance data
made among plant species should be considered as indica-
tive of relative diVerences among plant species because of
the diVerent sampling regimes and the diVerent structures
of the plants (A. magellanica is a branched, semi-woody
species, C. plumosa is a low-growing forb, and P. cookii a
tall tussock grass).
Fig. 1 The location of the sam-
pling sites on Marion Island, 
with the scientiWc station’s posi-
tion indicated by a star on the 
inset. Each shaded area indicates 
the area within which sample 
sites were located (see text for 
descriptions). These sites con-
sisted of discrete habitat patches, 
with each patch being separated 
by c. 500 m from another patch 
of the same host species123
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in aphid species abundance, the abundance data were com-
pared using a generalized linear model assuming a Poisson
distribution and using a log link function, correcting for
overdispersion where necessary (Quinn and Keough 2002),
and implemented in Statistica v.9 (Statsoft, Tulsa, Okla-
homa). Here, the data for the month of most abundance
were used (See Table 1). The same modelling procedure
was used to examine, for each aphid species, the eVect of
altitude and sampling month on abundance in the case of
samples from A. magellanica, and of the eVect of sampling
month for samples from the other two plant species. Where
an aphid species was typically rare on a plant species (e.g.
R. padi on A. magellanica), no models were run. Similar
analyses were conducted for the proportion of winged mor-
phs present for each aphid species, though here a normal
distribution was assumed and an identity link function
used.
Results
Abundances varied substantially and signiWcantly among
the species at each site and on each host plant (Table 1). On
Acaena magellanica, M. ascalonicus was most abundant
followed by M. euphorbiae, and R. padi did not utilize this
species. At 100 m, the abundance of M. ascalonicus was
much lower than at the other sites, although this may be a
site-speciWc eVect because its abundance was high at higher
elevations. Myzus ascalonicus was also most abundant on
C. plumosa, followed again by M. euphorbiae. The small
number of R. padi found on this species likely reXects
incidental colonization from stands of P. cookii which
were often found close to the C. plumosa stands sampled.
As was expected, based on previous studies, the common-
est species on P. cookii was R. padi, again with a few
individuals of M. ascalonicus likely representing incidental
occurrences.
In the case of Myzus ascalonicus, abundance varied sub-
stantially and signiWcantly among months (GLZ 2 = 84.6,
P < 0.0001) and elevations (GLZ 2 = 9.1, P = 0.003) on
Acaena magellanica (Fig. 2a) and among months (GLZ
2 = 27.6, P < 0.0001) on Cotula plumosa (Fig. 2b). Abun-
dances were typically highest in the austral summer months
of December and February, with those peaks being reached
later on the lower elevation A. magellanica, as reXected by
the signiWcant altitude by month interaction (GLZ
2 = 180.9, P < 0.00001). Similar variation in abundance
was found for M. euphorbiae. Abundances varied with both
month (GLZ 2 = 133.2, P < 0.0001) and elevation (GLZ
2 = 28.7, P < 0.0001), with a signiWcant interaction
between the two (GLZ 2 = 34.7, P < 0.0001) on A. magel-
lanica (Fig. 3a), and with month (GLZ 2 = 10.1,
P = 0.038) on C. plumosa (Fig. 3b). Curiously, M. euphor-
biae never reached high abundances at any of the A. magel-
lanica sites below 50 m a.s.l. (Fig. 3a). The abundance of
R. padi varied signiWcantly among months on Poa cookii
(Fig. 4; GLZ 2 = 25.3, P < 0.0001). The substantial conW-
dence limits (or standard errors, see Table 1) indicate con-
siderable among sample variation, suggesting a patchy
distribution.
Winged forms were typically rare in the samples, usually
representing, on average, less than 6% of the individuals
(Table 2). Winged forms were never found in R. padi.
Discussion
In terms of the distribution among the three host plants, the
abundances recorded here closely reXect previous investi-
gations into host usage by these species on Marion Island
(CraVord et al. 1986) and on islands elsewhere in the
Table 1 Mean (§SE, n = 10 throughout) abundance of the three aphid species on each of the host plant species at each altitude
The data are for the month of highest abundance for each site, as indicated, which was consistent across the species for each given site and host
plant. The chi-square and signiWcance values (P) are from a generalized linear model (Poisson distribution, log link function, corrected for
overdispersion) comparing abundances among species for each host species by site and month comparison
Plant species and month Macrosiphum euphorbiae Myzus ascalonicus Rhopalosiphum padi 2; P
Acaena magellanica
Sea level (February) 19 § 8 2,429 § 519 0 148; 0.0001
100 m (December) 134 § 81 135 § 60 0 11; 0.005
200 m (December) 112 § 56 1,777 § 56 0 60; 0.0001
300 m (December) 203 § 86 1,546 § 56 0 40; 0.0001
Cotula plumosa
December 11 § 6 479 § 156 2 § 1.3 52; 0.0001
Poa cookii
December 0 8 § 4 22 § 14 12; 0.006123
Polar Biol (2011) 34:513–520 517region. Thus, Hullé et al. (2003) recorded Myzus ascaloni-
cus as most common on the indigenous A. magellanica and
C. plumosa (given as Leptinella plumosa) on Possession
and Kerguelen Islands, and Rhopalosiphum padi as locally
abundant on P. cookii. Moreover, the occasional individu-
als of R. padi found on Cotula plumosa and those of
M. ascalonicus on P. cookii were almost certainly ‘tourists’
(see Gaston et al. 1993), rather than individuals actively
utilizing these plant species as hosts, especially since
the abundance of M. ascalonicus is signiWcantly lower on
P. cookii than is the abundance of R. padi in December
(GLZ 2 = 65.3, P = 0.00001, n = 10 per species) and
across all months (GLZ 2 = 22.7, P = 0.00001, n = 50 per
species). This tourism is also reXected by the fact that the
percentage of winged M. ascalonicus was at least six times
higher on P. cookii than that typically found on its host
plant species.
Altitudinal variation in the abundance of the aphids on
Marion Island diVered markedly from what has been found
on Kerguelen Island. There, M. ascalonicus was rarely
found on A. magellanica above 175 m, whereas in the cur-
rent study high abundances were recorded in this species,
and in M. euphorbiae, at the 200 and 300 m sites. No doubt
these diVerences reXect diVerences in temperatures at the
two islands, because aphids are known to be sensitive to
changing temperature conditions (Bale et al. 2002; Leather
et al. 1993; Strathdee et al. 1993), and mean annual temper-
atures are on average more than 2°C lower on Kerguelen
Island than those on the more northerly Marion Island
(Frenot et al. 1997; le Roux and McGeoch 2008b). Physio-
logical models based on lower development thresholds and
on the sum of eVective temperatures (for discussion see e.g.
de Jong and van der Have 2008; Trudgill et al. 2005)
would certainly be useful for determining whether the
Fig. 2 Monthly variation (mean § 95% C.I.) in the abundance (indi-
viduals) of Myzus ascalonicus on a Acaena magellanica across a range
of elevations; b on Cotula plumosa at sites below 50 m a.s.l. In a, the
zero value for altitude refers to sites below 50 m. The lines joining



















































Fig. 3 Monthly variation (mean § 95% C.I.) in the abundance (indi-
viduals) of Macrosiphum euphorbiae on a Acaena magellanica across
a range of elevations; b on Cotula plumosa at sites below 50 m a.s.l.
In a, the zero value for altitude refers to sites below 50 m. The lines


















































518 Polar Biol (2011) 34:513–520among-island diVerences in altitudinal abundance variation
are a consequence of temperature diVerences, particularly if
microhabitat temperatures of the kind now being routinely
collected on Marion Island (e.g. Deere et al. 2006) could be
acquired across a range of sites on diVerent islands (such as
Marion Island and Kerguelen Island), and accompanied by
appropriate physiological data. Such basic physiological
data on Southern Ocean Island populations of this signiW-
cant group of invasive alien species are now starting to
become available (e.g. Worland et al. 2010).
In all three species examined here, abundance was high-
est in the summer months of December and February. This
strong peak of abundance in the summer is not typical of all
arthropod species on the island. Rather, phenology varies
substantially, with some indigenous species showing sum-
mer peaks (e.g. adults of the weevil Ectemnorhinus similis
and larvae of the weevil Bothrometopus elongatus—see
Barendse and Chown 2000; Chown and Scholtz 1989),
whilst others may peak at virtually any time or show little
seasonality (Barendse and Chown 2001; Hänel and Chown
1998). Such variability among species, and a lack of season-
ality, is typical of invertebrates in the region (for discussion
see Convey 1996; Convey et al. 2006). Whilst abundances
typically peaked in December, this was not the case for
M. ascalonicus and M. euphorbiae on A. magellanica at the
lowest elevation. It is not clear what is responsible for this
diVerence among the sites and host plants. It might reXect
inter-annual variation, variation in minimum temperatures
among elevations (see e.g. Lee et al. 2009), resulting in
ongoing population growth into late summer at the warmer,
lower elevations, or it may reXect an interaction between
host plant phenology and altitude. Nonetheless, the decline
in abundance recorded here suggests that the populations are
unlikely to be overwintering on the above-ground parts of
their hosts, especially because overwintering eggs are laid
only by sexual forms, and the species are all parthenogenetic
on the island (no sexual forms have been found, see also
CraVord et al. 1986; Hullé et al. 2003). It also suggests that
abundances must either genuinely be low or that individuals
are moving to other hosts. The latter seems especially
unlikely given that the species have not been recorded from
a wide variety of hosts on the island. In consequence, it
remains unclear how aphids overwinter on Marion Island.
Perhaps most plausible is that low abundances during winter
are a consequence of unsuitable temperatures for develop-
ment, even at sea level. Whilst die-back of Acaena magella-
nica is common over the winter months, both Cotula
plumosa and Poa cookii remain productive year-round
(Gremmen and Smith 2008; Smith 2008). Therefore, the
decline in abundance is likely a temperature eVect. This
assumption is supported by the fact that the lower develop-
mental thresholds for temperate aphid species typically vary
between ¡2.2 and 7.0°C (Irlich et al. 2009; Nietschke et al.
2007; including 2.8°C for R. padi), the mean of which
(3.4°C, n = 13) is only c. 1°C below the typical mean winter
temperatures found at sea level on Marion Island (le Roux
2008). Moreover, grass-minimum temperatures may be sub-
stantially lower (e.g. Chown and CraVord 1992). The fact
that aphids may be on the threshold of existence from a ther-
mal perspective, and therefore also likely to respond
strongly to further warming in the region, has previously
been emphasized by Hullé et al. (2003).
In conclusion, it is clear that aphids on Marion Island
show a distinct summer peak in abundance, are sensitive to
declining seasonal temperatures, but are nonetheless also
able to maintain populations at elevations of at least up to
300 m. These data form a baseline against which future
changes owing both to increasing temperatures (le Roux
2008) and the introduction of additional species (Lee et al.
2007) can be assessed and certainly indicate that
populations are well-enough established to transmit
Fig. 4 Monthly variation (mean § 95% C.I.) in the abundance (indi-
viduals) of Rhopalosiphum padi on Poa cookii at sites below 50 m
a.s.l. The lines joining means are indicative of trends and are not Wtted
















Table 2 Mean (§SE, n = 10 throughout) percentage of the individu-
als sampled represented by winged forms of the three aphid species on
each of the host plant species at each altitude










Sea level (February) 5.9 § 4.1 1.1 § 0.2 0
100 m (December) 0.7 § 0.6 2.6 § 1.2 0
200 m (December) 2.9 § 1.7 2.6 § 0.6 0
300 m (December) 2.3 § 1.3 2.5 § 0.3 0
Cotula plumosa
December 0 0.5 § 0.2 0
Poa cookii
December 0 14.2 § 9.2 0123
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consequence, the colonization of the island by further indi-
viduals of these or other aphid species should be prevented.
The current practice of not bringing fresh fruit or vegeta-
bles ashore (De Villiers et al. 2005) may be insuYcient
given that the parasitoid A. matricariae likely colonized the
island directly from the research vessel that usually resup-
plies Marion Island (Lee et al. 2007). Therefore, the prac-
tice of placing insect traps in high-risk areas (such as store
rooms and cool rooms) on this ship and others visiting the
island should be continued and extended to all vessels visit-
ing the Southern Ocean islands.
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